Most patients with stable cirrhosis of the alcoholic have "target" red cells; however, a minority have "spur" cells and severe hemolytic anemia. These two syndromes were studied in 27 patients with target cells and 17 patients with spur cells, all of whom had advanced cirrhosis. The cholesterol and phospholipid content of red cell membranes effectively distinguished target cells from spur cells. Target cells alone were rich in lecithin, and both the cholesterol/phospholipid and cholesterol/lecithin mole ratios were greater in spur cells. The cholesterol/phospholipid mole ratio of both types of red cells correlated closely with the free cholesterol saturation of serum lipoproteins, as defined by the amount of free cholesterol relative to phospholipid and protein in these lipoproteins. Lecithin: cholesterol acyltransferase (LCAT) activity was decreased in most patients with target cells and spur cells; however, the relationship between this activity and the lipid abnormalities observed was weak. Serum bile acid levels also correlated poorly with serum and cell lipids. However, in patients with target cells the amount of cholic and deoxycholic acids in serum was approximately equal to the amount of chenodeoxycholic acid, whereas in patients with spur cells chenodeoxycholic acid (the precursor of lithocholic acid) predominated. A B S T R A C T MNlost p)atiellts witlh stable cirrhosis of the alcoholic have "target" red cells; however, a minoritv have "spur" cells and severe hemolytic anemia. These two syndromes were studied in 27 patients with target cells and 17 patients with spur cells, all of whom had advanced cirrhosis. The cholesterol and phospholipi(d content of red cell membranes effectively distinguished target cells from spur cells. Target cells alone were rich in lecithin, and both the cholesterol/phospholipid and cholesterol/lecithin mole ratios were greater in spur cells. The cholesterol/phospholipid mole ratio of both types of red cells correlated closely with the free cholesterol saturation of serum lipoproteins, as defined by the anmount of free clholesterol relative to phospholipid and protein in these lipoproteins. Lecithin: cholesterol acyltransferase (LCAT) activity was decreased in most patients with target cells and spur cells; however, the relationship between this activity and the lipid abnormiialities observed was weak. Serum bile acid levels also correlated poorly witlh serum and cell lipids. However, in patients with target cells the amount of cholic and (leoxycholic acids in serumi was approximately equal to the amount of chenodeoxycholic acid, whereas in patients with spur cells chenodeoxycholic acid (the precursor of lithocholic acid) pre(lominatedl.
(lrinikiilg the mliost commiiiioni causes of anemiiia are blood loss, iron deficiency, folic acid deficiency, and suppression of the bone marrow by alcohol (1) (2) (3) (4) (5) (6) . However, even after therapy for these reversible etiologies, anemia commonly continues. Two syndromes have been well documented in the stable cirrhotic. Most patients have (anemia of a mild to moderate degree associated with a moderately decreased red cell life-span and inadequate iarrow response (7) . The red cells in these patients are frequently targeted in appearance, and spherocytes.
presumably the result of splenic pooling. are usually seeni as well. Over the past 5 yr, a syndrome occurring in patients with cirrhosis of the alcoholic characterized by severe anemia, mlarked hemolysis, and a red cell morphologic abnormality termed spur cells has been well delineated (8) (9) (10) . Patients with spur cells tend to have far advanced liver diseases; however, they represent a miniority among patients with severe hepatic dysfunction. Why some patients with severe lhepatocellular dysfunction develop spur cells and others target cells is poorly understood.
Both spur cells and target cells are acquired characteristics of miiature red cells in vivo (8) (9) (10) (11) (12) and botlh have been reproduced in vitro (8, 10, 12) . Two differenices in addition to miiorphology have been obsrved xvhich distinguish these cell types: First, transition to target cells does not impair cellular deformability; however, the transition to spur cells causes a decrease in the the ability of red cells to deform (10, 13) . Secolnd, although in both cell types membrane lipid increases, it appears that free cholesterol is the predominant lipid acquired in spur cells (10, 14) whereas both free cholesterol and phospholipid are usually acquired in target cells (12. 15, 16 (17, 18) . Although it is known that patients with liver disease may have abnormalities of their serum lipoproteins (19, 20) , the role of abnormal lipoproteins in the genesis of the red cell lipid abnormalities is unclear. Second, the serum enzyme lecithin: cholesterol acyltransferase (LCAT) ' appears to serve an important role in the metabolism of serum-free cholesterol and lecithin (21) . Patients who congenitally lack this enzyme have target-shaped red cells rich in clholesterol and lecithin (22) . Since this enzyme deficiency exists in many patients with liver disease it has been proposed that LCAT may play a role in the red cell lipid abnormalities observed in cirrhosis (12, (23) (24) (25) . Third, bile acids have been shown to influence membrane lipid composition under experimental conditions in vitro (12) and in vivo (26) . Patients with cirrhosis have abnormalities of bile acid metabolism (27, 28) and it has been suggested that these abnormalities may play a role in the genesis of target (12) and spur cells (10) . This study was undertaken (a) to was discarded. The density was adjusted to 1.063 by the addition of KBr and the serum was centrifuged for. another 24 hr at 108,000 g to obtain low density lipoprotein (LDL). The density was then adjusted to 1.21 by the addition of additional KBr and the serum was centrifuged for 48 hr at 108,000 g to obtain high density lipoprotein (HDL) (34) . Lipoprotein fractions were dialyzed against three changes of isotonic NaCl over 24 hr at 4'C. Lipids of whole serum and of isolated lipoprotein fractions were extracted with acetone: ethanol (1: 1) at 50°C for the measurement of total (30) and free cholesterol (35) and lipid l)hosphorus (31) . The phospholipid composition was determined as for red cells (32) with the addition of BHT to lipid extracts. Protein was determined by the method of Lowry, Rosebrough, Farr, an(d Randall (36) and values obtained for the protein of LDL were multiplied by a factor of 0.77 to correct for the falsely high values given by this method (37) . Phospholipid of both red cells and serum was taken to equal lipid phosphorus times 25.
Measurement of LCAT. The activity of LCAT was determined by measuring the fall in the serum concentration of free cholesterol after incubation for 6 hr at 37°C, as previously reported (38) . The hydrolysis of cholesterol esters was assessed in incubations which contained 14C-labeled cholesterol stearate (New England Nuclear, Boston, Mass.) in ethanol (10 ,u/200 Al of serum). Cholesterol and cholesterol esters were recovered from Silica Gel-G after TLC in ethyl acetate: benzene (1: 5), and radioactivity was measured in a liquid scintillation counter (38) .
Seruim bile acids. Bile acids were extracted from 5 ml of serum by the method of Grundy, Ahrens, and Miettineln (39) , modified by the use of enzymatic rather than hydrolytic cleavage of bile acid conjugates (40) . The trimethylsilyl derivatives of methyl bile acids were measured by gasliquid chromatography on a high efficiency 8 BP column (Applied Science Laboratories, Inc., State College, Pa.). Recovery was measured using cholic acid-"C (New England Nuclear, Boston, Mass.) and quantitation was carried out using 5-,B-cholanic acid as an internal standard. Bile acid standards for gas-liquid chromatography were obtained commercially (Supelco, Inc., Bellefonte, Pa.) and repurified by TLC. The recovery of cholic acid-14C was 72±14%.
The recoveries of purified nonradioactive lithocholic acid, deoxycholic acid, and cholic acid added to saline in a concentration of 100 ,ug/ml and extracted from this solution by the above method were equivalent.
Studies in vitro. Red cells obtained from defibrinated blood were washed free of white cells in Hank's balanced salt solution. Incubations were performed in sterile, stoppered vessels in a 37'C atmosphere with agitation for 20-24 hr. During incubation under these conditions the pH varied from initial values of 7.5-7.6 to final values of 7.1-7.3. When red cells were incubated at cell concentrations greater than 10%, glucose was added as 5%o dextrose and water to raise the glucose concentration of the medium 100 mg/100 ml for each 10%o rise in cell concenitration. Sera referred to as "heated" were heated to 56'C for 30 min to inactivate the serum enzyme LCAT.
Statistics. Unless otherwise noted, values are expressed as the mean +1 SD. Regression analyses and correction coefficients were computed by the method of least squares using a Wang-500 computer (Wang L-aboratories, Inc., The slope of the regression line predicts that for each mole of phospholipid accrued by red cells there will be 1.1 moles of cholesterol accrued. The FC/'PL ratio of target cells were thereby increased to only 1.01±0.10.
The FC/PL ratios of spur and target cells were significantly different from normal and from each other (P < 0.001).
An analysis of the phospholipids of red cells is shown in Table II . The mean content of phospholipid in the 14 patients with target cells and the 12 patients with spur cells whose phospholipids were analyzed was similar to the mean for the larger group of each of these As reflected by the large SD, there was a considerable range of values for each of the lipids measured in both groups of patients. Mean values for total cholesterol were lower than normal in patients with target cells, a finding that is not uncommon in far advanced liver disease (41) . This was less common in patients with spur cells, and total cholesterol was significantly higher in patients with spur than with target cells (P < 0.05).
Serum levels of free cholesterol were increased in both (Table IV) However, whlien the FC/PL mole ratios of serum and red cell lipids were comiipared, a strong relationshil) existed (r = 0.78; P <0.001) (Fig. 2) . This direct relationship was also seen when onily the values obtaine(d fronm patients were used in this calculatioln, i.e., when normial subj ects were excluded (r = 0.65). This relationship betweenl the FC/PL mlole ratio of serum and red cells was substaintiated 1b two experiments in vitro.
(a) Both normal alnd target cells acquire cholesterol whien incubated ill the ser-utli of l)atienits with spur cells (10) . The -L ratio of LDL in patients witlh target cells was signiticantly greater than normal (P <0.001), and this ratio in patients with spur cells was significantly greater than in patients with target cells (P < 0.001). The free cholesterol/protein ratio (FC/Prot) (w/w) of LDL followed a similar progression: spur patients > target patients> normal (P <0.001). Although the phospholipid/protein ratio (PL/Prot) (w/w) of LDL in patients with target cells was significantly greater than that in normals, there was no significant difference between the PL/Prot ratio of LDL from patients with target and spur cells. HDL also had greater ratios of FC/PL, FC/Prot, and PL/Prot in the serum of patients with liver disease than in normals; however, these were not significantly different in patients with target cells and spur cells. Direct relationships such as those described for LDL did not exist between HDL and the FC/PL of red cell membranes.
Serum LCA ' activity. The LCAT of serum was assayed in 19 patients with target cells and 9 patients with spur cells. The value of LCAT in 20 normals was 26.8±6.2 Ag of cholesterol esterified per ml of serum per hr during the 6 hr incubation used to assess the activity of this enzyme. This value is similar to that reported for normals previously: 21.9 ,ug (24), 24.8 ug (43), and 27.6 gg (25) . Also consistent with previous reports is the wide variation among normals. The mean value for LCAT was 10.8±9.1 /g of cho- There was a poor correlation between the activity of LCAT and the red cell content of cholesterol (r = 0.32) (Fig. 5) . A similar correlation coefficient (r = 0.31) was obtained when LCAT activity was compared with the FC/PL mole ratio of target cells and spur cells. However, both correlation coefficients statistically were significant (P < 0.05).
The ability of serum to hydrolyze cholesterol esters and thereby mask the simultaneous esterification of cholesterol by LCAT was assayed using "C-labeled cholesterol stearate in 16 of the 28 patients in this study (13 with target cells, 3 with spur cells). In none of these 16 patients, nor in two normals studied, was there any measurable hydrolysis of cholesterol esters during 24 hr of incubation at 37°C. Serum bile acids. Serum bile acids were measured in 21 patients with target cells and 13 patients with spur cells. The mean value for total serum bile acid in four normal subjects was 3.9±0.5 Ag/ml. Total bile acids ranged from 5.6 Ag/ml to 125.6 /Ag/ml in patients with liver disease (Fig. 6 ). The mean value in patients with target cells was 31.9 ig/ml and in patients with spur cells it was 44.1 Ag/ml; this difference is not significant (P < 0.05). There was also no significant correlatio)n between the serum concentration of bile acids and e ther the red cell content of cholesterol or the red cell FC/PL mole ratio.
The predominant bile acids in serum were chenodeoxycholic and cholic acids, only small amounts of deoxycholic acid being found in most patients. A LECITHIN.' CHOLESTEROL ACYLTRANSFERASE (ukg Cholesterol Esterified/ml Serum/hour) FIGURE 5 The relationship between LCAT activity and red cell cholesterol. Mean ±SD for 20 normals is shown.
methyl-lithocholate was present in many patients. This peak was interpreted as lithocholic acid in data reported by us in a previous publication (10) . However, when the trimethylsilyl derivative of methyl-lithocholate was analyzed, this material was determined not to be lithocholic acid, and no measurable lithocholic acid was found in any of these patients when measured by the latter method. Re-examination of serum from patients 1 and 2 in reference 10 also revealed no measurable lithocholic acid.
The bile acid composition of serum varied significantly between the two groups of patients studied. Since deoxycholic acid is derived from cholic acid by the action of intestinal bacteria, these two bile acids were considered together and compared with chenodeoxycholic acid, the precursor of lithocholic acid (Fig. 6) . Patients with target cells had higher ratios of deoxycholic + cholic acids/chenodeoxycholic acid than those with spur cells. The mean value in the group of patients with target cells was just under 1.0, whereas in patients with spur cells it was 0.28.
DISCUSSION
The following general conclusions can be made from these studies: (a) the cholesterol and phospholipid content and the cholesterol/phospholipid ( Relation between red ceU lipids and serum lipoproteins. Red cell cholesterol behaves as a single pool which exchanges with serum-free cholesterol (46) . Although data exist to the contrary (24) , the studies reported herein confirm our previous observations (42) and those of Simon in patients with cirrhosis (47) and demonstrate that no correlation exists between the serum concentration and red cell content of free cholesterol. However, a close relationship was seen between red cell and serum-(or isolated LDL) free cholesterol when each was considered relative to phospholipid or when LDL-free cholesterol was considered relative to protein.
Serum lecithin accumulates in patients with various types of liver disease but this accumulation is least in patients with far advanced cirrhosis (48) (49) (50) . The per cent lecithin in the serum of patients with target cells reported herein was not significantly different from normal, and in patients with spur cells it was less than normal. Moreover, no correlation was seen between serum and cell phospholipid. Thus, the mechanism of lecithin accumulation in the red cell membranes is unclear. It may relate to specific species of lecithin, since only portions of the phospholipid present in red cell membranes exchange with their counterparts in serum (18, 51-53). The data in Figs. 2-4 reflect the contribution of serum lipoproteins to red cell cholesterol in the range extending from a normal to greater than normal saturation of serum lipoproteins with free cholesterol. Changes in the opposite direction occur when serum-free cholesterol is esterified by LCAT in vitro. This produces lipoproteins which have a decreased free cholesterol saturation. Red cells incubated with these lipoproteins lose cholesterol (54, 55) . The parallel decrease in serum-free cholesterol and red cell cholesterol as influeniced by LCAT in vitro is shown in Fig. 7 .
Since red cell-free clholesterol exchaniges completely with serum-free cholesterol, a zero value for miiembrane FC/PL must exist at a zero concentration of free cholesterol in serum. If the free cholesterol saturation of serum lipoproteins is the only component which correlates with the FC/PL of red cell membranes, the regression analyses in Figs. 2-4 (replotted in Fig. 7) and that for LCAT in Fig. 7 should interecept zero values for red cell cholesterol whein they are extrapolated to a zero value for serum-free cholesterol. However, these regression lines do not pass through the origin (Fig. 7) , and values for the red cell FC/PL mole ratio defined by these intercepts are 0. 63 (27, 68) , and levels observed in normal subjects were also simlilar to previously reported values (28, (62) (63) (64) . Free and conjugated bile acids were not distinguished. The precise contribution of increased serum bile acid concentrationi to changes in red cell and serunm lipids described above is nlot entirely clear. Although studies in vitro have shoNvn a direct effect of bile acids on both red cell cholesterol coiltent (12) and on LCAT activity ('12, 65, 66), thlis w\-as seen only with concentrations of bile acids 10-to 20-fold higher than the concentartions found in this grotup of patients. However, an indirect effect of bile acids may exist through their infltuence on cholesterol and lecithin synthesis (67, 68) .
Serum bile acids have been analyzed previously in terms of the ratio of dihydroxy bile acids to trihydroxy bile acids (27, 69) . Since onily small amounts of deoxvcholic acid are found in most patients with cirrlhosis (62), the previously reported dihlldroxy/trihydroxy bile acid ratios reflect to a certain exteint the ratios reporte(d herein. This ratio tends to be ap)p)roximately 1.0 in patients with hepatocellular disease and higher in l)atients with extrahepatic biliarv obstruction (27, 28, 62, 69 
